Concentrated (or confined) animal feed operations (CAFOs) are the principal means of livestock production in the United States, and such facilities pollute nearby waterways because of their waste management practices; CAFO waste is pumped from the confinement structure into a cesspit and sprayed on a field. Stocking Head Creek is located in eastern North Carolina, a state with >9,000,000
INTRODUCTION
The vast majority of swine and poultry in the USA is produced on an industrial scale in concentrated, or confined, animal feeding operations (CAFOs). The US Environmental Protection Agency (EPA ) has estimated that there are more than 450,000 CAFOs operating in the USA. In North Carolina, nearly all swine (>9,000,000 head) are produced in CAFOs (Mallin & Cahoon ) . Other states producing millions of swine each year in CAFOs include Iowa, Illinois, Minnesota, and Nebraska (US Department of Agriculture (USDA) a). CAFOs are known to produce large amounts of water and air pollutants that enter the surrounding environment (Ham & DeSutter ; Mallin ; Burkholder et al. ) . In a large-scale US Geological Survey study within North Carolina, CAFO-impacted streams were found to contain significantly higher concentrations of nitrate, ammonium, various other ions, and total nitrogen (TN) compared with control streams in areas lacking CAFOs (Harden ) . CAFOs are a direct threat to human health as they produce vast numbers of fecal microbes into the air and neighboring water bodies (Mallin & Cahoon ; Mallin et al. ) , a proportion of which are carried downstream into larger water bodies (Arfken et al. ) . Not only is this a human health issue (Burkholder et al. ) but it is also an environmental justice issue as these facilities are frequently erected in close proximity to low-income minority residents who cannot afford to move away from polluted areas (Wing et al. Swine CAFOs manage the wastes generated within the large animal confinement structures by draining or pumping feces and urine into outdoor cesspits which the industry refers to as waste ponds or lagoons, and periodically spraying the liquids out on adjacent fields that are typically planted with Bermuda grass (Cahoon & 
METHODOLOGY
A suite of pollutants known to be constituents of swine and poultry wastes was sampled during spring (March) and summer (August-September) of 2016. The following measurements of environmental conditions were made onsite using YSI field meters: water temperature, pH, dissolved oxygen (DO), turbidity, and specific conductance. Also onsite, samples were collected according to standard procedure for nutrients (ammonium-N, nitrate-N, TN, orthophosphate, and total phosphorus (TP), total organic carbon (TOC)) and fecal coliform bacteria. Samples were held in darkness on ice and delivered to a state-certified laboratory for analysis within required holding times. Fecal coliform samples were collected by filling preautoclaved containers ca. 10 cm below the surface, facing into the stream; the researchers wore rubber gloves while sampling.
Sample sites
Seven stations were sampled during both 30-day periods, including five on Stocking Head Creek proper and two on first-order tributaries (Table 1; Figure 1 ). All sites were sampled from bridges on public right-of-ways. Samples were stored on ice until laboratory processing (<6 hr).
Data reduction and statistical analyses
Summary statistics were performed for each period (means, standard deviations, medians, minimum, maximum; and geometric means for fecal coliforms). Special attention was paid to those parameters having NCDEQ standards to determine if they were in exceedance. Other parameters lacking numeric standards, such as nutrients, were assessed to determine if the samples exceeded typical blackwater Nutrient and fecal coliform data were log-transformed and Student's t-tests were used to test selected parameter concentrations between spring and summer sampling periods (p < 0.05). To investigate the potential for rainfall and runoff influencing parameter concentrations, we accessed the Weather Underground website (www.wunderground. com) and obtained daily meteorological data from Clinton, NC, 36 km distant from the sampling area (the nearest site with complete data) and totaled cumulative rain that fell on the day of sampling plus the rain that fell in the preceding 48 hr (Rain48). Average Rain48 was calculated for spring sampling dates and compared with summer sampling dates using a t-test. Further, log-transformed pollutant concentrations for each station and date were correlated against Rain48 to see if any significant (p < 0.05) relationship existed.
RESULTS AND DISCUSSION
Spring water temperatures ranged from 12.1 to 18.9 C and summer water temperatures ranged from 24.5 to 27.7 C.
There were no unusual variations and no differences in temperature among stations. Most sampling events reflected circumneutral pH conditions ranging from 6.6 to 7.2. Field turbidity was generally low; the tributary site TR-SDCR had the highest mean turbidity of 23 nephelometric turbidity units (NTU) and the highest individual turbidity of 38 NTU.
Sandy sediments dominated at several of the sites, so high turbidity would not have been expected to be a widespread issue.
Dissolved oxygen concentrations in spring ranged from 7.3 to 10.8 mg/L, and in summer ranged from 4.0 to 7.8 mg/L.
Conductivity reflects the amount of dissolved material within the water column, and due to the predominant soils, the conductivity of Coastal Plain blackwater streams is normally low (Smock & Gilinsky ) . Conductivity at the seven sites ranged from 95 to 440 mS/cm, with lowest values seen in the downstream station SHC-PBR, likely reflecting swamp water inputs from adjoining wetlands.
The highest levels were found at tributary station TR-CSR.
Mean conductivity of all sites in spring was 204 ± 89 mS/cm versus 270 ± 61 mS/cm in summer, a highly significant difference (p < 0.001); median values were similar to means (Figure 2(a) ). In a large-scale study of streams impacted by CAFOs compared with controls (Harden (Figure 2(a) ). Ammonium was mostly elevated at the stations adjoining sprayfields but not at sites away from such fields, whereas nitrate was highly elevated at sites well away from sprayfields (Table 2) The inter-seasonal differences in fecal coliform densities were very large (Figure 2(e) ). Whereas the spring geometric mean (1,195 CFU/100 mL) and median (1,369 CFU/ 100 mL) densities were high (six-fold higher than the 200 CFU/100 mL standard), the summer geometric mean (12,080 CFU/100 mL) and median (11,000 CFU/100 mL) far exceeded the spring densities. This disparity raises a serious sampling concern. If regulatory agencies are constrained to sample on only one or two occasions per year, sampling in the winter or early spring is likely to significantly underestimate the actual pollution levels (and human health and ecological threats) caused by industrial animal production facilities. The data demonstrate that late summer sampling is the optimal window for detection of CAFO waste pollution impacts on stream waters.
CONCLUSIONS
The 2016 sample sets (five dates, seven sites within 30 days, performed in both spring and summer) indicates that Stocking Head Creek is highly polluted by fecal bacteria during both spring and summer. Summer concentrations were significantly higher than spring concentrations. Additionally, there were significant seasonal differences in other pollutant concentrations, with much higher summer conductivity, nitrate, TN, and TOC reflecting the seasonal waste application practices. Thus, sampling schemes for streams in swine CAFO impacted watersheds should consider seasonal animal waste spraying regulations to obtain representative data on waste disposal impacts to streams.
